Abstract. The majority of previous studies on high-dose intravenous methylprednisolone pulse (IVMP) therapy have observed the clinical conditions of patients prior to and following treatment without any long-term follow-up, and these studies have predominantly focused on combined treatment. The present prospective clinical study aimed to assess the long-term effects and safety of high-dose IVMP therapy in thyroid-associated ophthalmopathy (TAO), as well as the significance of thyrotropin receptor antibody (TRAb) and soluble intercellular adhesion molecule-l (sICAM-1) during IVMP therapy. A total of 58 patients with TAO were treated with high-dose IVMP therapy, and their clinical characteristics and indices were recorded before, during and after therapy, with a 12-57 month (mean, 28.4 months) follow-up. Before treatment and on the second day after each IVMP therapy, serum TRAb and sICAM-1 levels were evaluated in 23 patients with TAO via a competitive radioimmunoassay and enzyme-linked immunosorbent assay, respectively. The results of the present study demonstrated that the symptoms of eyelid swelling, ophthalmodynia, photophobia, lacrimation and diplopia, and visual acuity, ocular motility, proptosis and clinical activity score (CAS) indices were all significantly improved after IVMP therapy. In addition, analysis of covariance demonstrated that alterations in the levels of serum TRAb during the course of treatment were associated with CAS of TAO, whereas the change in serum sICAM-1 was not.
Introduction
Thyroid-associated ophthalmopathy (TAO), which is also called Graves' ophthalmopathy or thyroid eye disease, is a complex inflammatory disorder of the eye that is usually associated with thyroid disorder (1) . The annual incidence of TAO is ~16/100,000 in women and 3/100,000 in men in Olmsted county (2) . Glucocorticoids are a commonly used agent in the treatment of TAO since the 1950s (3) (4) (5) . Recent evidence has suggested that high-dose IVMP therapy is superior to oral glucocorticoid for the treatment of active TAO, with an excellent curative effect, quick response and fewer adverse effects. In previous studies, IVMP has predominantly been used in combination with other treatments, and only the short term effects (before and immediately after treatment) have been observed. No definite IVMP therapy was recommended in the consensus statement of the European Group on Graves' Orbitopathy (EUGOGO), as evidence for the superiority of any of the different IVMP schedules is lacking (6) .
The aim of the present study was to prospectively evaluate the long-term effects of high-dose IVMP therapy in a cohort of patients with moderately to severely active TAO. Additionally, as serum TRAb has a vital role in the occurrence and progression of TAO (7, 8) and sICAM-1 is as an indicator of the progress of TAO and a predictor of its prognosis (9, 10) , serum TRAb and sICAM-1 were evaluated in 23 patients with TAO.
Materials and methods
Experimental design. The present prospective clinical study was performed to evaluate the long-term effects and safety of high-dose IVMP therapy on TAO. A total of 73 patients with Short and long-term effects of high-dose intravenous methylprednisolone pulse therapy on thyroid-associated ophthalmopathy TAO were recruited from the Department of Endocrinology at the First Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China) between October 2006 and November 2010. A total of 15 participants were excluded or lost to follow-up. Informed consent was obtained from the remaining 58 participants, or from the parents or legal guardians of minors or incapacitated adults. The present protocol was approved by the local ethical committee.
Inclusion criteria. Diagnosis of TAO was defined by the presence of typical clinical features, including protruding and watery eyes, retrobulbar pain, photophobia, and double and blurred vision, and detailed ophthalmological examination, including exophthalmometry, measurement of eye movements, eyelid retraction and tonometry (11) . In addition, a routine orbital computed tomography scan (Philips Brilliance 64 CT scanner, Philips Medical Systems, Inc., Bothell, WA, USA) was performed for all patients before commencement of any systemic medical treatment to evaluate the extraocular muscles and exclude the orbital space-occupying lesions. Moderate-to-severe TAO with a clinical activity score (CAS) ≥4 is defined as moderately to severely active TAO. The CAS is based on four classical signs (pain, redness, swelling and impaired function) which were proposed by Mourits et al (12) and consists of 10 items. These are the following: a painful, oppressive feeling on or behind the globe; pain on attempting an up, side or down gaze; redness of the eyelids; diffuse redness of the conjuctiva; chemosis; swollen caruncle; oedema of the eyelid(s); increase of proptosis by ≥2 mm during a period between 1 and 3 months; decrease in visual acuity of one or more times on the Snellen chart during 1 and 3 months and a decrease in eye movements in any direction ≥5˚ during a period between 1 and 3 months. TAO is defined as active eye disease when CAS is ≥4, otherwise it is classified as inactive eye disease. Moderate-to-severe TAO has a sufficient impact on the daily life of patients, including any one or more of the following symptoms: Lid retraction ≥2 mm, moderate or severe soft tissue involvement, exophthalmos ≥3 mm above normal for race and gender and inconstant or constant diplopia (6) .
Patients. A total of 73 patients who suffered from moderately-to-severely active TAO were recruited for the present study. A total of 15 patients were not included. Three patients with serious phthisis or hepatitis were excluded prior to enrollment and five patients were lost during follow-up. Two patients received oral glucocorticoids during the course of high-dose IVMP therapy. One patient only underwent one cycle of IVMP therapy due to a relapse of hepatitis, and four patients received other treatment after IVMP therapy, including retrobulbar injection of triamcinolone acetonide (n=2), surgery (n=2) and 99Tc-MDP therapy (n=2). The remaining 58 patients received high-dose IVMP therapy, and six participants underwent subsequent orbital irradiation after high-dose IVMP therapy due to unsatisfying effects. The levels of serum TRAb and sICAM-1 were evaluated in 23 patients who received three cycles of pulse therapy. Follow-up was conducted for 12-57 months after the therapy, with a mean of 28.4 months. A summary of the clinical characteristics of the patients is shown in Table I .
Treatment. According to age, weight, degree of illness and the presence of comorbidities, high-dose IVMP therapy was administered. IVMP therapy composed of 0.5-1 g IV methylprednisolone three times every other day, repeated with intervals of 20 days for a total of three cycles. Additional cycles were administered in specific special and severe patients under the clinician's judgment (Table I) . During the course of treatment, proton pump inhibitors or H2 receptor antagonists and calcium supplements were prescribed to every patient. Low-salt diet, high pillow lying and sunglasses were also recommended, whereas eye drops were only used when required in 42 patients. A total of 47 patients were administered thyroxine or antithyroid agents, depending on their thyroid function. Five patients received anti-tuberculosis drugs for at least three months due to a positive reaction to a purified protein derivative skin test; although no other evidence of infection was detected. All patients were informed of the risk of smoking for TAO and all cigarette smokers were advised to stop smoking.
Follow-up. Patients were followed-up by via face-to-face interviews, telephone calls and mail. At the end of follow-up, an appointment was made with the patients for a thorough examination of eyelid swelling, ophthalmalgia, photophobia, lacrimation, diplopia, ocular motility, visual acuity, proptosis, intraocular pressure and CAS. The first four symptoms were subjectively categorized into four grades: 0, no; 1, mild; 2, moderate; and 3, severe. According to the EUGOGO criteria, the severity measures of diplopia/ocular motility were as follows, 0, no diplopia/free; 1, intermittent (diplopia in primary position of gaze, when tired or when first awakening)/restriction of eye movement at <4/6 directions (upper right, lateral right, lower right, upper left, lateral left and lower left); 2, inconstant (diplopia at extremes of gaze)/restriction of eye movement at ≥4/6 directions; and 3, constant (continuous diplopia in primary or reading position)/fixation (6) . Individual symptom responses were defined as a complete response if the symptom was completely resolved or as a partial response if there was an improvement in the symptom without complete resolution. Examinations of visual acuity, proptosis and intraocular pressure were conducted by an ophthalmologist and endocrinologist using the international standard vision chart, and a statometer and noncontact tonometer. Mean values were taken. Furthermore, adverse effects of glucocorticoid therapy were also recorded, including: Low bone mineral density, assessed by bone density test or symptoms; liver damage, assessed via blood test; weight gain; cushingoid features, assessed by symptoms; hypertension, assessed via blood pressure; hyperglycemia, assessed via blood glucose; peptic ulcer, assessed by symptoms; mental disorder, assessed by symptoms and serious infection, assessed by symptoms.
Levels of serum TRAb (human TRAb RIA kit, Medipan GmbH, Dahlewitz, Germany) and sICAM-1 (ELISA kit, Bender Company, Vienna, Austria) were evaluated by a competitive radioimmunoassay and enzyme-1inked immunosorbent assay, respectively, prior to treatment and on the second day following each IVMP therapy in 23 patients who received three cycles of pulse therapy.
Statistical analysis. Symptoms and the results of ophthalmological examination were compared before treatment, after treatment (one month after IVMP) and at the end of follow-up using repeated-measures analysis of variance (ANOVA). To determine if the values differed with gender, age or smoking status, one-way repeated-measures ANOVA was used. TRAb and sICAM-l levels were analyzed prior to and following each treatment cycle using the least significant difference t-test and analysis of covariance. P<0.05 was considered to indicate a statistically significant difference.
Results

Remission of symptoms was achieved following treatment.
Symptoms and clinical outcomes of the 58 patients are shown in Table II . The grades of the five symptoms (eyelid swelling, ophthalmodynia, photophobia, lacrimation and diplopia) were all significantly reduced one month after treatment, as compared with before treatment (P<0.001). No significant differences in the grades of eyelid swelling, photophobia and lacrimation were detected between one month after therapy and the end of follow-up; whereas a significant increase in the grades of ophthalmodynia (P=0.046) and diplopia (P<0.001) were detected between these time points. Dividing the 58 patients into two groups according to gender, age (≤40 years vs. >40 years old) and smoking status, demonstrated that these groupings did not make a significant difference to the interaction effect in all five symptoms.
Visual acuity was improved following treatment. Among the 58 patients examined, 52 patients exhibited reduced visual acuity due to TAO prior to treatment. Visual acuity testing with the international standard vision chart (Fig. 1) revealed that visual acuity was significantly improved one month after therapy in the left eye (P=0.006) and right eye (P<0.001) and at the end of follow-up in the left eye (P=0.001) and right eye (P<0.001), as compared with before treatment. Significant improvements in visual acuity were also detected between one month after therapy and the end of follow-up in both the left (P=0.020) and right (P=0.004) eyes. A total of 52 patients suffered from exophthalmos, and 104 eyes were evaluated. Data are expressed as the mean ± standard deviation. Reference ranges are specific to healthy adults in China.
Ocular motility was improved after treatment. Prior to treatment, 51 patients exhibited disordered ocular motility in both eyes. Grading of ocular motility was significantly reduced in their binoculus (left eye, P<0.001; right eye, P<0.001) one month after treatment, as compared with before treatment, and were also significantly reduced between one month after therapy and the end of follow-up (left eye, P<0.001; right eye, P<0.001). Moreover, the enrolled patients were divided into two groups according to gender, age and smoking status, and no significant differences were detected in the interaction effect of treatment with any grouping in ocular motility.
Proptosis was reduced after treatment.
Compared to baseline, the number of patients with reduced proptosis (≥2 mm) was 19 (33%) one month after therapy and 30 (52%) at the end of follow up in the left eye, and 13 (22%) one month after therapy and 27 (47%) at the end of follow up in the right eye. Proptosis data are presented in Table III . It was demonstrated that proptosis ( Fig. 2) was significantly reduced one month after therapy in the left (P<0.001) and right (P=0.006) eyes and at the end of follow-up in the left (P<0.001) and right (P<0.001) eyes. Moreover, proptosis was significantly decreased between one month after therapy and the end of follow-up in the left (P=0.005) and the right (P=0.001) eyes. No significant difference was detected in the interaction effect of treatment following grouping (gender, age and smoking status) in either eye.
CAS was reduced after treatment. CAS values were 8.24±1.81 (n=58) prior to therapy, 1.98±1.79 one month after therapy and 1.41±1.17 at the end of follow-up. CAS was significantly reduced one month after the therapy (P<0.001) and at the end of follow-up (P<0.001), as compared with the baseline (Fig. 3) . No significant differences in CAS values were detected between the one month after therapy and end of follow-up time points.
Intraocular pressure was improved after treatment.
Complete intraocular pressure could not be obtained for four patients. Data from the remaining 54 patients demonstrated that the intraocular pressure changed significantly with treatment in both the left (P=0.012) and right (P=0.046) eyes.
TRAb was correlated with CAS.
Analysis of covariance demonstrated that the difference in serum TRAb was predominantly correlated with CAS (P=0.020) and was not correlated with smoking (P= 0.722) or age (P= 0.789). Significant differences were detected between active TAO and the baseline and after 3 cycles of treatment (P= 0.033), but no significant difference was found after 1 or 2 cycles of treatment (P=0.722 and P=0.155, respectively), as compared with the baseline.
sICAM-1 levels were correlated with duration of eye disease.
Analysis of covariance demonstrated that the change in sICAM-1 levels over time was correlated with the duration of eye disease (P=0.015) but not to CAS (P=0.912). Compared with the sICAM-1 level before treatment, no significant Little adverse effects were identified after treatment. Following IVMP therapy, a female patient who was simultaneously administered fenofibrate-loaded polylactide/polyethylene glycol microspheres, suffered from severe liver injury. The patient recovered after hospitalization, during which she received liver-protecting treatment and ceased fenofibrate treatment. A male patient suffered from mildly abnormal liver function one month after IVMP therapy and fully recovered after dynamic observation for three months without any treatment. Compared with their pretreatment body weight, three females (60, 68 and 47 years old, respectively) and one male (42 years old) gained 10, 6, 5 and 10 kg, respectively, by the end of follow-up, with no moon face or buffalo hump symptoms. Three of these patients exhibited normal body fat distribution, and one female had a large waist circumference. During the therapeutic process, blood glucose and blood pressure were monitored, and if necessary, appropriate interventions were employed for the 11 cases of hypertension and 10 cases of diabetes or impaired glucose tolerance to reduce fluctuations. No interventions for blood glucose or blood pressure were employed in the other patients, even if a rising trend was detected. Within a week the increased blood glucose and pressure were resolved in these cases. No osteoporosis, fractures, tuberculosis, serious infections, peptic ulcers or mental disorders were detected in any of the participants during the observation period.
Discussion
TAO is a chronic autoimmune disease that affects the retrobulbar tissue and has strong etiological links with autoimmune thyroid disease, which leads to blurring of vision, proptosis, extraocular muscle dysfunction, redness of the conjunctiva and pain (13) . Although there are other therapies, including orbital radiotherapy and oral glucocorticoids, IVMP therapy has superior efficiency and few adverse effects in the treatment of patients with moderately to severely active TAO (13) (14) (15) . In a published consensus statement (6, 16) , the EUGOGO recommend the use of IV glucocorticoids as first-line treatment for patients with active or severe TAO.
Numerous randomized and nonrandomized trials of intravenous glucocorticosteroid have demonstrated the beneficial effects of glucocorticoids in TAO (17, 18) , including 13 nonrandomized trials with a total of 346 patients and 10 randomized trials with a total of 234 patients. The treatment protocols for each of these studies were 0.5-1.0 g or 12.5-15.0 mg/kg IV methylprednisolone with or without oral prednisolone and orbital irradiation (17) . Treatment with IV glucocorticoids was safe and effective in the nonrandomized (response rate, 82.6%) and randomized (response rate, 79.9%) trials and was associated with a lower recurrence rate and less frequent adverse effects, as compared with oral regimens (17) . Ohtsuka et al (19) conducted a case-control study with 39 Japanese patients in which the first 20 patients underwent high-dose IVMP therapy followed by 24-Gy orbital radiotherapy and the remaining 19 patients only received high-dose IVMP therapy. No significant difference was detected between the two groups; suggesting that the addition of 24 Gy irradiation to IV prednisolone had no extra therapeutic benefit. In addition, the radiation may have caused radiation optic neuropathy if the cumulative dose of radiation exceeded 50 Gy or if radiation fractions of >2 Gy were used (20) . In a survey, 91% of the responding members of the European Thyroid Association indicated that they would treat an index patient who had active and severe TAO with glucocorticoids, and 71% would immediately start with IV glucocorticoids (21) . Similarly, 58% of the responding Latin-American thyroidologists would administer IV glucocorticoids (22) .
The short-and long-term effects of IVMP therapy were investigated in the present report, indicating the superiority of the present study over previous studies (17, 18) . The findings of the present study suggested that the symptoms of patients with moderately to severely active TAO may be improved or cured through IVMP therapy and that the curative effect is stable over time. It was also demonstrated that some symptoms, including diplopia, visual acuity, ocular motility and proptosis, may continue to improve with time after the withdrawal of therapy. No serious adverse events occurred in this carefully monitored and closely followed-up study. Serious liver injury occurred in one female patient who was taking fenofibrate-loaded polylactide/polyethylene glycol microspheres at the same time as the IVMP therapy. Her liver injury may be due to the joint impact of high-dose methylprednisolone and micronized fenofibrate. Liver injury is a serious adverse effect of high dose methylprednisolone and should be careful monitored during the course of treatment (17) . Moreover, high-dose methylprednisolone should never be used with any agent that is potentially harmful to the liver. Four patients who exhibited mild weight gain over the observation period had taken oral corticosteroids for six months or more prior to treatment with IVMP. A systematic review and meta-analysis of randomized trials for TAO (23) determined that patients in the oral administration group had a high rate of steroid-related adverse events, including weight gain (26%), hypertension (8%) and cushingoid features (7%), whereas patients in the IV administration group exhibited a lower rate of steroid-related events (3-4%). Considering both the positive and adverse effects of IVMP, Zang et al (17) suggested that single doses of IV glucocorticoids should not be administered on consecutive days. An every-other-day regimen was employed in the present study.
The majority of previous studies have demonstrated that smoking is associated with an increased risk of TAO progression in Western countries and that smoking cessation may minimize the progression of TAO and improve the response to treatment (24) (25) (26) (27) (28) . Meanwhile, a previous study in Taiwan demonstrated that no significant association with cigarette smoking was detected in male patients (29) . Exploratory grouping demonstrated that smoking did not play a role in the outcomes of the present study. Smoking may not have had an effect in the present study as patients were divided according to their pretreatment status as smokers or non-smokers, and the majority of smokers stopped smoking or severely reduced their intake under the guidance of their doctors. Gender may have been a confounding factor as all of the smokers in the present study, except for one, were male, and the sample size was relatively small.
Stimulation by TRAb in the synthesis and secretion of thyroid hormone is a direct cause of Graves' disease, and TRAb is also a serum marker of Graves' disease. In the present study, the TRAb level was correlated with the activity of eye disease and may serve as a predictor of the response to methylprednisolone therapy. Treatment had no significant effect on sICAM-1 levels in the present study and sICAM-1 levels may increase during acute stress, infection and other diseases besides TAO (30) (31) (32) (33) (34) , therefore sICAM-1 is not specific for TAO and cannot effectively reflect the changes in TAO.
In conclusion, high-dose IVMP therapy is an effective, safe and well-tolerated treatment for patients with TAO, and is associated with few adverse effects and relapses. The effects of IVMP therapy are stable, and some symptoms, including diplopia, visual acuity, ocular motility and proptosis, may continue to improve with time following treatment withdrawal. Furthermore, it was demonstrated that serum TRAb levels are correlated with the activity of TAO and may serve as a predictor of the response to methylprednisolone therapy, whereas sICAM-1 levels are not correlated. This research could provide some evidence for the treatment of moderately-to-severely active TAO and selection of IVMP schedules.
